31

31

t:

(Lumped Heat-capacity System)

(lumped heat-capacity system)

t>0

Fluid

by Fe

31



Tn (K) h (Wim)

(39)

3.3

TeT,

33)

32
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Teed _ | C=pVg, R=1/hA
i i
T
—
~ TJ-Too=0
32
(Biot number, Bi)
0._h(VIA) hs
Bi= Kk k (34)
Bi « 1
Tt =T(t) Too
Bi = 1



3.2

3.21

T0 T0< Tm
x=0

]
4—
—
<4

ﬂ']iﬂ'lUlYll

Y <+
AU 4

‘_
< ——

TO\A

Tj>Tr
T0

o
VDAV

Ts(x,t)

sharp interface

m
t=0
t>0

YoM

HI50UAD
-

O<x<o

X=5(t)

0

s(t)

‘d' ° d. é o
517 3.3 uaaanuuitaesvesilymmandsuaoiug luniaig

x=0



d2Tx(x,t)_ 1 O, ) 0<X< (1)

o2 a5 d t>0 (39)
522))’((2)( 1) al, aT’d(tX Y (t)<X<® t>0 (3.6)
)
1
3 Ts(x,t), T, (1) (t)
x=5(t)
kGrx kg ol g 50 @)
L
P,=Ps=P
Ts(x,t)=T,(x,t) =T x=s(t) (39

(35).38)  @7)
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3.2.2
(2004)
2
0.26 0.52 t0=0
T =30°C
Tc=-10°C
3.4( )
kL=0556 /( !-K),
(L=4.226k)/(kg-K.), pL=1000kg/m3
ks =2.220 /(m-k) 5
¢s = 1.762kJ/(kg-K) | ps = 1000kg/m3
L =338kJ/kg TF=0°C
\‘]. A\
E E{> - /' oty ¥ ﬁnnrdwmnmuhu
| AR
¥ } 0.26 m “ LTC
()
- (0ZbmQ15n)
() | 26%13 cells
3.4 ()

() 26 X 13 cells



X=y 1,2,3,4 5 1
3.5
(0225  ,0125 )

40
30
O
<2
&
8 10
S
0
—8— pumerical solution
-10 AT NN Wb ™ (L O S [N SRR S IR S S
0 002 004 006 008 01 012 014
Distance from outer surface (m)
39 X=Yy

TF0°c  Te=10°

(0255 0125 )

36 ()

thermal  diffusivity
42

0.28 0.56 1.50
30 -10
48

14



36
T=30 ¢

25.

‘\Nt 10 -
D -

() t=s5n

Te=10° () t=1h () t=5h

15



3.3 (Characteristic Of Pipe Flow)

(laminar flow) !] (turbulent flow)

3.7

ua

Turbulent

/\/ /l/; Transition

Laminar

3.7 A

(Reynolds number Re)

Re=pvDp =vD
v
p (kg/m3)
v (m/s)
D (m)
M dynamic viscosity (Pals)

v kinematic viscosity (m2s)

16
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Re < 2100
Re > 4000
(transition flow) 2100 < Re < 4000
A 1
2 P, P2 12
Zi+PIY+v2129  z2tpdy+v22g 1 2 hL
S0 (3.10)
pI1A -p2A -yLAsin a -Tw PL =0 (3.11)
sinOt =(z2.Z,)IL
(head loss)
iH* °'1)
(2+ 1)
Tw
P (wetted perimeter)
Rh (hydraulic radius) = AP
P1{d
sVit
i A
T -¢ P (3.13)
pL=cf — V2 3.1

R, 2(
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RAD/4
L\ L v-2
hL=4C f D- D" 9T (319)
(3.15) pipe-friction equation  Darcy-Weishach equation
= =CfPr-= )P " (3.16)
fv 2
‘Hi@ =
(shaft work) (viscous work)

Q= J(e + pv)pV.dA (5.17)

€S

=m( 2- ,)+m(; - 3)+mg(22- )
F NV 2002-p £ pV 1dAL

pv dA =aJ— pV.dA (3.18)
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a =20 1 a
fuy — 2n2
V) @03+ 319
a a 1
a =1
Q=m( 2+ )¢ M=) tmafzz- 2)+m AVL BV gy
o _ av2 a\v,2 52)
alv a,Vv, Sy )-
b+ wgr)e(p syt 2 0)- 82)
(2= )4m 1 2
(
,head)
(py_lJrq'Z\g’z"'Z’):(A""asgz+22)+hLT (323)
hiT (total head loss)



1. (major head loss,nL)
Darcy-Weishach

g LV2
DYgT

hL= (m)
= Moody

equivalent roughness s
f=f(Re, s)
L= (m)
D= (m)

AV ()
v A)
AeA \ :
608 N Wl lent e
658} \
\
oo \:L 005
x i
005 ) i
A \ 003
\
005 \
(Y 602
\) 0015
AA2 \
s \
\) B
N 0008
v 0.006
foo% \
) 0004
G0 i “
I 8.002
‘\
ou2r- 1 5001
\ 0 0008
rul 20006
R : 00X
i QUL
T 11 —
] PEGL
Travsetion tEspe 2.0051
2 0 200
LG
GO -
Al ! 11
(ra pe P 2001

38 Moody chart

o=

20

(324)

38



3.1 equivalent roughness

Riveted Stegl
Concrete

Wood Stave

Cast iron
Galvanezed iron
Commercial steel
Or wrought iron
Drawn tubing
Plastic,glass

equivalent roughness,s

ft mm
0.003-0.03 0.9-9.0
0.001-0.01 0.3-3.0
0.0006-0.003 0.18-09
0.00085 0.26
0.0005 0.15
0.00015 0.045
0.000005 0.0015
0.0(smooth) 0.0(smooth)

(minor head loss, hin)

hin=x =

(equivalent length, Le)

h f Ill-e”

(325)

(326)

32

21



3.2

Le/D

)
(gate valve)
(globe valve)
(angle valve)
(swing check valve)
(Iift check valve)
1.globe ift
2.angle lift
-90
-45
(close-return bend)

0.19

10

25

10

0.8
0.42
2.2

0.9

18

22

Le/D

350
17
135

350
175

30
15
6

20

60
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34

341 ]

(compressor) 1

2 (oil separator tank)

3
4 (ammonia liquid storage
tank) 5
6
(mixture) (accumulator)
1
8
(accumulator)

1 39



EVAPORATIVE
CONDENSER

AMMONIA
LIQUID
STORAGE
TANK

@__

39

3411

OIL SEPARATOR
TANK

EXPANSION

VALVE <
LIQUID |

GAS

COMPRESSOR

(Compressor)

EVAPORATOR

3.10( )

(isentropic process)

(isentropic efficiency)
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A

Pressure

Volume

A\

3.10



(discharge pressure, PD
310( )

3.4.1.2

26

(reciprocating compressor)
(suction pressure, Ps)
PSPD (compression ratio)
1

(Qil Separator Tank)

31
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@ 1.00m,

2.10m.

JTER

31 (oil separator tank)

3413 (Condenser)

(air cooled) 3 (water cooled)
(evaporative cooled)



312

Subcooling ' Condensing

l Desuperheating

44—
g d
g e
% c@““%«
=
(n)
= tc Condensing 5
£ X '0
g 000\'\“%“ ;
E
&
4
(1)
Evaporative Condenser

28



3.12'( )
312 ()

(actual heat
transfer coefficient)

3120 )
303

= /FAN ELIMINATOR
s\ s SN\ il

SPRAY.

NS
‘\

REFRIGERANT

AR
F . L) ’
VAPQUR IN ; : »

REFRIGERANT »
— e

LIQUID OuUT
4

RECIRCULATED

WATER

AR
-~

MAKE UP ] :
WATER e e e e gte

HEATER .

313



3414 (Ammonia Liquid Storage Tank)

3140

()
R s R
g & =
0 10m
T o _—JJ Fl
()

30



34.15 (Expansion Valve)

4 capillary tube , superheat-
controlled , float valve  constant-pressure expansion valve
v 1
(throttling process)

3.15

315
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34.16 (Accumulator)

accumulator

accumulator

accumulator 3.16

3.16 accumulator
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3417 (Evaporator)
92 -69
accumulator
accumulator
accumulator
317
Accumulator ool
X\ /- 0.10m.
@2 1.50 m. __\ —Qm
Gas
2 0.05m
@ 0.15m.
@ /
Evaporator /:"G“ ﬁ
[ J—. Gas — =
530m

317 accumulator  evaporator



342

24

0.28

150

0.56

~—1
~—

1ocm

56 cm

318



3

' v 4 - Y o

ms Inalurendndiivinaniinda
8*16 cm

ZTTTT Tl

Yy Pl ' ¢

Amquunmq 2.5¢m (@UAUEUINAN 1 cm
PTTIIITY
V VI 4

nlaag 7 %03 Y11A 28 * 56 * 150 cm

3.19

(compressed air system)
(air
filter) , 3.20

3.20

35

122470311



351

(melting)
(freezing)

(condensation)
(callg) 1

540
540

100
(evaporation)

321 ()

80

(latent  heat)

80
1

36



321 ()

(expansion)

3

Remove 80 calories Remove 540 caiories
Latent heat of fusion—=80 calories ) Latent heat of vaporization—S540 calories.
T NG il T 1 ] L ]
% B Liquid v{:ler i
_ 09998 - Maximum density at 3.88° C -
_% L A L
%‘ N N N
=
D
Q
09172 S
09170 T
1 A 1 1 1 L
2 0 2 4 6 8 10
Temperalure (°C)
(W)

()

3.98

321 ()



352 (Turbidity)

(grain)

10
322
-0.002 Liquidus
-0.0024
80 %
-0.0024

eutectic ( + 0.0038 %

0.0038%

eutectic

0.003 %

38

20 %
0.0038 %

eutectic +

2.92%



3.22

Grains of
primary {ice}

Eutectic h‘qu%

Al
stan

Eutectic
reaction

Eutectic
mixture of
ficel - air

Proportuon byLH’\

weight of {ice)
or hquid in mixture A

Temperature (“C)

i
:_____ Liquid :
0 } Liquid + Air
B
A ice) l
)__ s S -
e ey Liquid -0.0024°C
g Ot i -0.0025%
(icel (Ice} + Air
e |
TR, |
D i S .
0.005%

l

Weight % air —e

!
I
l
|
!
l
l
l
!
|
i

106

~lcel
801

aof

20 s \
Liquid

—4-—80 wi % iquid

—— 20 w1 % {ice!}

Lon]
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